analyzing synchrony between near and distant brain sites (Gerloff et al., 2006; Mountcastle, 1997; Tiesinga & Sejnowski, 2004) . Electroencephalography (EEG) patterns within and between cerebral hemispheres indicate that cortical networks increase in number, complexity, and functionality as the human brain matures (EegOlofsson, 1980; Hudspeth & Pribram, 1992; Schack, Chen, Mescha, & Witte, 1999; Srinivasan, 1999; Stam, Hessels-van der Leij, Meulstee, & Vliegen, 2000; Thatcher, North, & Biver, 2007) .
Scalp potentials reflect the number of inhibited neurons compared to uninhibited neurons at one location compared to another (Nunez, Wingeier, & Silberstein, 2001; Silberstein, 2004) . Spectral magnitude is a summary of this rhythmic inhibition and power an estimate of its variability (Tenke & Kayser, 2005) . Spectral analysis was invented to study heat diffusion (Fourier, 1822) , but it was a century later when spectral analysis matured to include a coherence function, a measure of similarity between time series as a function of frequency (Hilbert, 1930; Wiener, 1930) . Decades passed before a coherence function was applied to human EEG (Goldstein, 1970; Orr & Naitoh, 1976; Walter, 1968) . Coherence may be estimated by comparing real and imaginary components of a waveform (Goodman, 1957) , with a Hilbert transform (e.g., Boeijinga & Lopes da Silva, 1988) or inferred statistically (Arnhold, Grassberger, Lehnertz, & Elger, 1999; David, Cosmelli, & Friston, 2004; Lopes da Silva, Pijn, & Boeijinga, 1989; Stam & van Dijk, 2002) . Magnitude synchrony was investigated early on (Barcaro, Denoth, Murri, Navona, & Stefanini, 1986; Larsen, 1969) , but coherence and spectral correlation were defined similarly, limiting research. In the past, coherence was described as an estimate of the correlation coefficient between the Fourier components of two time-series at a given frequency (Mellors, Vernon, & Thomson, 1998; paraphrasing Priestley, 1981) , but this is in error as magnitude synchrony is not phase synchrony.
Few have investigated magnitude synchrony as thoroughly as Kaiser (1999, 2001 ; also Kaiser, 2006a Kaiser, , 2006b , who drew renewed attention to this form of synchrony and called it comodulation (see Figure 1 ). Comodulation analysis was used by this team to evaluate spatial resolution of EEG topography. According to the low spatial resolution hypothesis, electrical potentials at the scalp should be similar regardless of sensor location (Nunez, 1981) . Although spatial resolution is always a concern with EEG, comodulation identified anticipated functional groupings at 10-20 electrode positions, proving that some topographic resolution at the scalp exists, even with a referential montage (Kaiser, 1994) .
Complementary properties typically exclude each other but at the same time complement each other mutually to give a complete view of the phenomenon under study (Atmanspacher, Romer, & Walach, 2002; Bohr, 1948) . Coherence and comodulation are complementary spectral properties. Coherence is a normalized measure of similarity between two signals in terms of phase difference. Comodulation is a normalized measure of similarity between two signals in terms of magnitude difference. Together they specify linear and symmetrical unispectral dependence between two (pseudostationary) signals based on temporal variation. Coherence is estimated by crossspectra to autospectra averaged over time (Goodman, 1957) . Comodulation is estimated by mean cross-product of normalized spectral magnitude over time, a Pearson (1896) product moment correlation of spectral magnitudes. In addition, phase difference (or lag) and magnitude difference (or asymmetry) complement these measures, specifying linear and symmetrical unispectral dependence between signals ignoring temporal variation. All of these measures (Which increases to 73 autos and 2,628 pairings for the 10-10 electrode position.) Combined, these four measures provide thorough assessment of functional connectivity (see Figure 4) . Neurotherapists attempt to restore impaired collaborations within and between brain areas by momentarily adjusting EEG toward a preconceived ideal based on a client's age or maturational state. Mental fitness is conceived as a healthy blend of EEG rhythms and synchronies; unfortunately, the extent of our understanding of an ideal (adaptive) physiology is limited in part by the number and sophistication of parameters used to characterize brain wave activity. Currently, most neurotherapists rely on a handful of indices that may be summarized as consistency or difference of magnitude or phase for one or more sites at one or more frequencies (see Table 1 ).
Measurement of any relationship between two or more EEG periodicities involves a number of computational freedoms including formulation, montage selection, and statistical normalization (see Figure 5) . Nunez et al. (1997) concluded that ''studies of coherence and brain state should include several different kinds of estimates to take full advantage of information in recorded signals' ' (p. 470) . Toward this end a ''Periodicity Table' ' is proposed, a framework that organizes forms of EEG synchrony into groups based on number of signals, number of coupled frequencies, and whether we examine differences across time or ignore time altogether. Coherence and comodulation are positioned in adjacent cells in this framework. As shown in Table 1 , spectral magnitude and its square (spectral power) share the same cell. In fact any central tendency of EEG could share this cell including median frequency, modal frequency, or 95% spectral edge (Drake, Pakalnis, & Newell, 1996) .
By analyzing EEG synchronization between electrode sites, we evaluate the likelihood that cortical networks are functional enough to manage age-appropriate challenges, especially self-regulation. (Hughes & John, 1999) but is hardly the dynamic of a healthy brain.
The goal of this article is to differentiate phase synchrony from magnitude synchrony (coherence, comodulation) and to determine how both forms of synchrony might vary as a function of age and topography. Given the large number of possible cortical networks detectable at a 10-20 electrode position using single-Hz frequency divisions, conventional bands were analyzed and site pairings were reduced to site-centered averages to reduce Type I and II error. (Oldfield, 1971) and=or confirmed by writing samples from each hand. Participants reported no history of a neurological disorder, no use of a controlled substance 24 hr prior to the study, and no recent experiences that could be expected to alter psychophysiology (e.g., disturbed sleeping habits, atypical stress). Participants were recruited from University of California at Los Angeles; California State University, Northridge; Rochester Institute of Technology; and clinician offices. Informed consent was obtained from each adult prior to his or her participation, using a form approved by a Veterans' 
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Materials
EEG was recorded with either a Neurosearch-24 (Lexicor Medical Technologies, Inc., Augusta GA) or NeuroNavigator (J&J Engineering, Inc., Poulsbo, WA) using 12-bit or 16-bit A=D, respectively. Signals were digitized at 512 or 1024 samples per second, down-sampled and displayed 128 times per second. High pass filters were set at 1.5 Hz for both units and 38 Hz or 45 Hz for Neurosearch or NeuroNavigator units, with rolloffs of 12 and 48 Db per octave, respectively. Common mode rejection ratio was 90 dB at 60 Hz, with notch filtering at 60 Hz. Topographic EEG was recorded from scalp referenced to linked ears using sized elastic lycra caps (Electro-Cap International, Inc., Eaton, OH) of 20 electrode ports arranged by the International 10-20 electrode placement system (Jasper, 1958) .
Procedure
EEG was acquired at Sepulveda Veterans Administration Medical Center
Neuropsychology Laboratory or RIT Psychology Lab or clinician office. Participants were tested individually, often in a dimly lit electrically shielded and sound-attenuated room. Electrode impedances were kept below 10 K Ohms. Eyes closed baseline conditions of 2 min or longer were recorded twice, generally spaced apart by 30 to 60 min. Data were remontaged using a Laplacian spherical harmonic expansion (Lagerlund, Sharbrough, Busacker, & Cicora, 1995; Pascual-Marqui, GonzalezAndino, Valdes-Sosa, & Biscay-Lirio, 1988; Shaw & Koles, 1989 ; see Figure 6 ), although only the referential montage data were analyzed for this study.
Data Analysis
EEG records were inspected for artifacts, and contaminated segments were eliminated prior to spectral analysis. If artifact was present in any channel, spectral coefficients from all 19 recording channels were ignored for its duration. As little as a 100-ms segment could be eliminated in this fashion. Only eyes closed baseline recordings were analyzed, and values represented averages of replicated recordings from each participant. Digitized signals underwent cosine tapering using a Blackman-Harris 4-term function with 75% data window overlap, which produces equal representation of all signals in both time and 
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RESULTS
The analyses were restricted to sitecentered and global formulations of comodulation and coherence. As can be seen in Tables 2 and 3 , both coherence and comodulation increased significantly with age in all but fast frequencies. However, topographically, comodulation increased at all sites, but coherence increases were largely restricted to posterior sites. The strongest age function was observed for site T5 in terms of alpha comodulation (r ¼ .75, p < .0001; see Figure 7 ). Anterior coherence and comodulation increased with age for adults (p < .0001), but not for children (see Tables 4 and 5 ). Global coherence and comodulation increased with age in most frequencies (see Table 6 ).
DISCUSSION
Both coherence and comodulation reflect brain maturity, as evidenced by significant age correlations. Inhibition of neural autorhythmicity increased consistently with age (between ages 5 and 35), but the limits of the age-based increases throughout the lifespan could not be determined. It is possible that coupling rates asymptote or even accelerate during later years. With this information, it might be possible to detect certain neurodegenerative diseases prior to significant presentation of symptoms by simply evaluating EEG-connectivity quotients for one's age (Rossini, Rossi, Babiloni, & Polich, 2007) . No significant age-connectivity relationship was found for anterior sites during childhood, but significant relationships emerged during adulthood, a finding that parallels callosal myelination between frontal lobes. The genu and midbody of the corpus callosal begins its myelination in earnest after puberty and continues throughout the life span, especially in terms of large diameter myelin density (Aboitiz et al., 1992) . Also, the left posterior temporal cortex appears to have the most protracted course of maturation compared to all other cortical regions (Sowell et al., 2003) , and confirmed by alpha comodulation at site T5, the strongest relationship between functional connectivity measures and age.
Millisecond delays have little impact on comodulation, but they devastate coherence 130 JOURNAL OF NEUROTHERAPY (Govindan, Raethjen, Arning, Kopper, & Deuschl, 2006) . Comodulation requires that similar numbers of neurons be inhibited or uninhibited within modest time constraints, whereas coherence requires stringent timing, highly synchronized disinhibition of neural groups for bursts to occur at exactly specified moments in time (lagged or simultaneous) across the cortices (Contreras, Destexhe, Sejnowski, & Steriade, 1996) . The exquisite time-locking may be a product of the reticular thalamic nucleus (RTN). The relatively compact sheathing of RTN acts as a functional bottleneck, inhibiting adjacent thalamic neural groups uniformly, and this uniform synchronization propagates 
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outward and time-locks large expanses of cortex (Huguenard & McCormick, 2007; Steriade, Gloor, Llinas, Lopes da Silva, & Mesulam, 1990 ). This could explain high scalp-measured coherences (minus volume conduction contributions) and may suggest that phase relationships between neurons inform us about RTN involvement in EEG rhythms. In other words, phase difference between sites may reflect differences in sensory gating (i.e., general involvement of the feedforward system of the brain) possibly in the thalamocortical loop. Given this possibility, magnitude relationships might reflect an orthogonal process, the feedback system of the brain. The corticothalamic system modulates sensory processing and is less time sensitive (Steriade, 2006) , as is comodulation. This model is speculative, based on RTN physiology and its position in sensory processing (see Figure 8 ), but it may help in interpreting differences between comodulation and coherence in terms of information processing. If true, phase-based training would preferentially engage the thalamocortical loops and magnitude-based training the corticothalamic loops. There are numerous ways that two active brain sites may be synchronized in the frequency domain. Some of these ways will be relevant to mental activity and=or self-regulation, whereas others may not be. Table 7 is an example Periodicity Table completed with novel measures as well as measures from physics and information sciences (Chandran, 1994; Judah & Wright, 1990) . Note how general properties (number of frequencies, sites, stability) are represented by dynamic or static versions (e.g., comodulation, magnitude asymmetry) and each version is instantiated mathematically (e.g., Hilbert transform, Pearson product moment). Stability and state refer to two complementary forms of variation (temporal, nontemporal), and both concepts cross disciplinary boundaries well. Finally, concepts may be instantiated with any number of mathematical formulations and are not tied to any one set of operations, thus the idea that a concept possesses or is attached to a single mathematical formulation is incorrect (Nunez et al., 1997) , and a linguistic definition is more accurate than a mathematical formulation.
By contrasting cells within the Periodicity Table, impairments missed by two measures in isolation may be revealed by their composite. Disparate measures (e.g., phase consistency vs. magnitude asymmetry) can be compared readily in the statistical realm, as Figure 4 attests. Three examples of cross-table comparisons are depicted in Figure 9 . A z-score contrast of magnitude consistency to phase consistency known as corticality may have physiological utility (Lambos, 2008) as well as activity (magnitude) compared to connectivity (comodulation), a measure known as focality. When site activity does not correlate well with site connectivity, a brain area is hyperfocal, its pattern of activity out of synch with its connections (Kaiser, 2007b) . Finally, a comparison of relative to absolute power, called cordance, appears in the study of depression (Leuchter et al., 1994) . Furthermore it should also be noted that the table was formulated with sinusoidal signals in mind, as sinusoids are created by independent generators like those within the brain, but it could just as readily incorporate a wide range of signal morphologies (square waves, triangular).
In sum, the human brain is the most organized phenomena in nature, a synchronous Note. Local activity (column 1): Amplitude is voltage per unit time. Magnitude is a linear summation of burst incidence, duration, and intensity or amplitude. Autophase is ''phase slippage'' or mean phase difference of a given frequency from one epoch to the next. One formulation is Arctan [(R cos t sin tþ1 À R cos tþ1 sin t ) 2 =(R cos t sin tþ1 þ R cos tþ1 sin t ) 2 ] where t is current sample. Biamplitude is a ratio of spectral activity of one frequency to another, such as theta=beta power ratios (Lubar, Swartwood, Swartwood, & O'Donnell, 1995; Monastra et al., 2005) . Biphase (or phase bicoherence) is mean phase difference between frequencies and it is monitored during anesthesia and neonatally (Shils, Litt, Skolnick, & Stecker, 1996; Witte et al., 2004) . Spectral entropy is number of possible arrangements inherent in a signal, logarithmically-compressed (Shannon, 1948) . Nunes (2004) likened spectral entropy to freedom: ''conscious cortex is free to move among a huge number of available microstates'' as long as the same macrostate is produced. Disorderly (high freedom) EEG is associated with mental effort and wakefulness while orderly EEG occur with sleep, isoelectricity, and non-responsiveness. Spectral entropy is monitored during anesthesia (Lipping, Ferenets, Mortier, & Struys, 2007) : As entropy decreases, fewer magnitude combinations are available and level of consciousness decreases. Increasing cortical microstate arrangeability has neurotherapeutic implication (e.g., Martin, 2006) . Phase entropy is phase freedom or independence (Breakspear, 2002) . Stability of activity (column 2): Autocorrelation is the auto-correlogram peak for a signal for all possible time lags. One formulation is R (z t * z tþ1 )=n where z refers to z-score of voltages and t to current sample and n total number of samples. Automodulation is magnitude consistency of a given frequency across time. One formulation is R (z t * z tþ1 )=n where z refers to z-score of magnitudes and t the current sample and n total number of samples. Autoherence is phase consistency of a given frequency across time. Bimodulation is magnitude consistency between frequencies (see Figure 10) . One formulation is time-displaced bimodulation is R (z a * z bþt )=n where z refers to z-score of magnitude of two frequencies a and b, t equals time moments removed from signal a, and n number of samples. Trimodulation is magnitude consistency among three frequencies, i.e., mean normalized round-robin cross-product. Triherence (or tricoherence) is phase consistency among frequencies (Chandran, 1994) . Network state or connectivity (column 3): Reversals refer to temporal density of voltage polarity reversals in a signal. Unity is magnitude asymmetry subtracted from one with valence ignored, 1ÀjAÀBj=(A þ B). Sites attain unity (þ 1) when no
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JOURNAL OF NEUROTHERAPY blend of infinite energy and freedom. Understanding the spatiotemporal mystery requires that investigations become more organized. Toward this end, a Periodicity Table was proposed as a means to categorize synchrony manifestations and as a tool for generating new and potentially relevant psychophysiological indices. Introduction of the Periodicity Table, with its variety of novel and unfamiliar spectral properties, may initially generate more questions than it answers, but in the end a framework provides a diligence currently lacking in brain function analysis, a comprehensive approach for evaluating EEG periodicities. difference in mean magnitude exists and there is disunity as differences increase. Unity may be especially useful in homologue assessment (Kaiser, 2007a; Figure 4) . A more common magnitude asymmetry index is difference between sites compared to its sum, (AÀB)=(A þ B) (Strobos, 1960) . Phase lag (phase asymmetry) is mean phase difference between sites. Cross-biamplitude compares spectral activity at a given frequency to activity in another frequency at another site (Schack et al., 2001) . Frontal theta activity may be compared to simultaneous posterior alpha activity, or at different times (lags). Cross-biphase is mean phase difference between sites for different frequencies. Joint entropy is a measure of mutual information of two signals in terms of spectral magnitude or power, which is valuable to artifact detection (Jung et al., 2000; Makeig, Jung, Ghahremani, Bell, & Sejnowski, 1996) . Autocorrelation of joint entropy (entropy modulation) over time provides a stability index. The spectral correlation coefficient (SCC) of Lexicor Medical Technology, Inc. estimates similarity of spectral constituents between signals by correlating sub-range spectral values, a rough estimate of joint entropy. In physics SCC refers to magnitude consistency (Eberly & Kujawski, 1968; Won, Kimb, & Mina, 2004) . Joint phase entropy is a measure of mutual phase information (Barnett & Phoenix, 1991) . Autocorrelation of joint phase entropy over time provides a stability index (phase entropy modulation).
Network stability (column 4): Reversal variability is standard deviation of reversal density per epoch. Comodulation is magnitude consistency between sites at a given frequency. One formulation is R (z a * z b )=n where z is normalized magnitude for signals a and b and n is number of evenly spaced samples. Coherence is phase consistency between sites at a given frequency. Cross-bimodulation is magnitude consistency of a given frequency at one site compared to another frequency at another site (see Figure 10 ). Cross-bicoherence is phase consistency of a given frequency at one site compared to another frequency at another site (Saltzberg, Burton, Birch, Fletcher, & Michaels, 1986) . System state (column 5): Peak amplitude is site of highest voltage. Rogue site estimates a topographic pattern of magnitude independence. Whichever site is least like all others in auto-normalized magnitude is termed rogue and percent of time spent rogue is computed (Kaiser, 2004) . Rogue phase (or rogue site by phase) estimates a topographic pattern of phase independence. Each site is compared to all others on Autophase (or homologue phase, or mean cross-phase) and percent time spent rogue is determined. Site biamplitude is mean ratio of spectral activity at a given frequency compared to mean spectral activity for all other sites at another frequency. Site biphase is mean phase difference for a given frequency at a site compared to all other sites for another frequency. Rogue frequency estimates independence across topography and spectrum, using maximum percent time spent rogue for auto-normalized magnitudes at any frequency. Rogue frequencyphase estimates independence across topography and spectrum using autophase (or homologue) phase. System stability (column 6): Peak autocorrelation is site of highest autocorrelation for any time lag. Site comodulation is mean comodulation of all electrode partners (19 pairings minus 1 auto-comparison), an estimate of network traffic or common activity at each site. Site coherence is mean coherence of all electrode partners, a phase-based estimate of network traffic. Site bimodulation is spectral activity at a given frequency correlated with mean spectral activity for all other sites at another frequency. Site bicoherence is bicoherence of a given frequency at one site compared to mean spectral activity of remaining sites (i.e., mean cospectrum, quaspectrum). Global comodulation is a single number to summarize comodulation of 171 site-pairings for a frequency range, an estimate of total network activity. Global coherence is a phase-based estimate of total network activity, a summary of all site-pair coherences.
FIGURE 9. The cross-table comparisons of magnitude and time for gamma, theta, and alpha.
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